
3GPP TSG RAN WG1 Meeting #59bis                                                                  R1-100075
Valencia, Spain, 18th – 22nd January 2010
Source:
CATT
Title:
SRS enhancements for LTE-A UL transmission
Agenda Item:
7.4.2
Document for:
Discussion and Decision
1. Introduction
It is already clear that to satisfy peak data rate requirements in LTE-A, designs up to 4x4 antenna configurations and spatial multiplexing with up to four layers are needed. However, the SRS mechanism in LTE R8 is designed for the single antenna transmission, and whether it can be reused in LTE-A needs study. To satisfy the requirements of new scenarios in R10 such as multiple CCs and up to 4 Tx transmission, we discuss the necessity and possibility of SRS enhancements in LTE-A in this contribution taking the performance of UL MIMO into account.
2. Consideration on SRS limitations in LTE-A
Antenna-specific multiple SRS transmission is necessary to confirm the performance of closed loop precoding in UL MIMO in LTE-A. Assumed that in a LTE-A cell there are 60% users with single antenna, 30% users with two antennas and 10% users with four antennas, then the SRS requirement will increase by about 60% compared to a cell with only LTE Rel-8 UEs. The increased SRS will impact LTE-A UL transmission in many ways listed as follows:
· Longer sounding period. It takes more time for a UE to sound the full BWs, which will result in performance loss for short-term close loop precoding.
· More interference among users and cells. In case, more users are scheduled in CDM fashion so that the interference among multiplexed users will be increased. CDM of SRS will also increase the level of inter-cell interference in case of synchronized cells. If the sounding accuracy is degraded due to interference, the performance gain of UL MIMO will degrade obviously as shown in [3].
· Impact on MIMO transmission. Multi-antenna transmission with spatial multiplexing is more sensitive to sounding accuracy than SIMO transmission in Rel-8. As the estimation of RI/PMI/CQI is completely based on sounding, if the sounding requirement is higher without SRS capacity increase, there will be much performance loss for closed loop spatial multiplexing.
We provide some simulation results to study the performance of UL MIMO with different sounding delay and sounding multiplexing cases in different antenna configurations.
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Figure 1, Performance of UL MIMO with different           Figure 2, Performance of UL MIMO with different

sounding delay (1x2, 3km/h)                                              multiplexing users (1x2, 3km/h)
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Figure 3, Performance of UL MIMO with different           Figure 4, Performance of UL MIMO with different

sounding delay (2x2, 3km/h)                                              multiplexing users (2x2, 3km/h)
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Figure 5, Performance of UL MIMO with different           Figure 6, Performance of UL MIMO with different

sounding delay (4x4, 3km/h)                                              multiplexing users (4x4, 3km/h)

It can be seen that performance loss of UL transmission, especially in multiple antennas scenarios, is significant with large sounding delay, and the loss will be greater with higher UE speed (e.g. 15km/h). In Rel-8 scenarios (Fig.2), the performance of UL transmission is not very sensitive to SRS multiplexing. But when it comes to multiple antennas transmission in LTE-A (Fig.4 and 6), the precoding gain will be greatly degraded with CDM based multiplexing users, especially when the total number of multiplexing SRS is more than four.  If the SRS capacity isn’t enhanced, the increased requirement of SRS will be a limiting factor to UL MIMO in LTE-A.
From above discussions and results, our observation is that:
· R8 based SRS transmission is hard to meet the LTE-A requirement in multi-antenna scenarios and enhancement is necessary.
3. SRS enhancements for LTE-A UL MIMO

In this section we discuss some SRS enhancement techniques for LTE-A. Some solutions had been discussed in contribution [1]-[6].
One-shot SRS

A SRS enhancement based on dynamic triggering was discussed in [5], which introduced a ‘SRS Activation’ bit in DCI format for PUSCH to send a SRS request to UE. This signaling allows UE to sound from multiple antennas aperiodically with periodic SRS configuration via higher layer signaling. Otherwise, SRS will be transmitted as Rel-8. Compared to semi-static scheduling via high layer, this dynamic scheme can reduce SRS overhead when there is no request for multiple SRS.. 

For more flexible scheduling, a new DCI format can be defined for SRS transmission. Two methods can be considered for this scheme:
· A new PDCCH format similar to PDCCH Format 3A can be introduced to schedule multiple UEs SRS at the same time. The scheduling of SRS will no longer rely on PUSCH scheduling in this case, but the SRS parameters are still configured via high layer signaling.
· The SRS-specific DCI format will include most SRS parameters configured via high layer in Rel-8, and the “SRS Activation” bit will also be included. This format allows dynamic reconfiguration of SRS transmission, and the scheduling period of SRS will be shorter.
The former mechanism needs only little PDCCH overhead, but there may be allocation conflict because the SRS parameters are semi-statically scheduled via high layer and change more slowly. The latter mechanism allows SRS scheduling with maximal flexibility without conflict, but it needs a new UE-specific DCI format and the blind detection will be more difficult. Even if the DCI format can be multiplexed with other format (e.g. DCI format for UL MIMO transmission in PUSCH), the payload of PDCCH may still be an issue. In any case, one-shot SRS can minimize the SRS overhead and improve the efficiency of SRS resources. Nevertheless, the SRS capacity can’t be increased by this scheme.
DMRS based SRS
To increase the SRS capacity, SRS can indeed be transmitted via DMRS resources as mentioned in [1][4]. As only few CSs are used for UL DMRS transmission, the unused CSs can be utilized for UL sounding. That is, one UE can transmit SRS in CDM manner in the same position where the other UEs are transmitting DMRS. By this way additional SRS resource can be obtained without using new physical resources.
To dynamically schedule SRS for DMRS multiplexing, a new UE-specific DCI format similar to the format for SRS reconfiguration will be required. The SRS parameters including resource allocation and CS for each antenna should be indicated to UE to preserve the orthogonality with multiplexing DMRS. Moreover, the sounding bandwidth is limited to the PUSCH bandwidth of the UE whose DMRS is being multiplexed and wideband sounding will be very difficult.
Extended comb and CS 
In LTE Rel-8, only two FDMed users can transmit SRS in the same bandwidth. If the comb is extended, for example, to 4, then the SRS multiplexing capacity can be doubled. It’s been analyzed in [6] that the backward compatibility and feasibility is robust with extended comb and CS. We further discuss some issues about comb extensibility as follows:
· To ensure integral sampling distance between CSs   with current SRS bandwidth configurations and hopping method in Rel-8, the number of CSs in current specification should be modified. The 12 CSs for Rel-8 DMRS can be reused. In small delay spread scenarios, all the CSs can be used for SRS multiplexing, and the SRS capacity can be further improved. In large spread scenarios, the allowed number of multiplexing SRS is smaller according to simulation results in section 2, and only part of CSs (e.g. 6CSswith maximal CS offset) can be chosen. Even with only half of CSs used, the SRS capacity can still be improved by 50%.
· The time domain distance between CSs will be halved compared to Rel-8 if comb is extended to 4. However, as the primary power is distributed in the first several paths, even if the time domain distance between CSs is slightly smaller than the delay spread of channel, there will not be very significant sounding error. Corresponding simulation results can be found below. 
Some simulation results are provided below comparing the R8 SRS and enhanced SRS with extended comb. In Fig. 7 and Fig. 9 - 10, it’s shown that with SRS BW of 8RBs, no significant performance loss with extended comb compared to R8 comb configuration, even when up to 8 CSs are used. To further study the performance with non-ideal timing among users, we simulate the throughput and MSE of SRS estimation in the case of timing error(TE) (0.5μs) among users in Fig.7-8 and comb=4 still shows very close performance to comb=2. 
Fig.11 compares the performance with SRS BW of 4RBs, which is the smallest SRS BW in LTE Rel-8. Even with so short SRS sequence, the SRS based on extended comb shows robust performance. Performance of sounding with extended comb and CS (Comb=4, Ncs=12) is compared with Rel-8 configuration in Fig.12, and the performance difference is still very small.
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Figure 7, Performance of UL MIMO with different             Figure8 MSE of UL sounding with different

     Comb sizes (SRS BW=8 RBs, used CS=4)                    Comb sizes (SRS BW=8 RBs, used CS=4)
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    Figure 9, Performance of UL MIMO with different             Figure10 Performance of UL MIMO with different
    Comb sizes (SRS BW=8 RBs, used CS=2)                       Comb sizes (SRS BW=8 RBs, used CS=8)
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Figure 11, Performance of UL MIMO with different             Figure12 Performance of UL MIMO with different

Comb sizes (SRS BW=4 RBs, used CS=4)                         Comb sizes (SRS BW=4 RBs, used CS=6)
From above discussions and results, we propose that:
· It needs further analysis whether it is possibility of sounding based on one-shot SRS or DMRS taking PDCCH overhead into count.
· Extended comb and CS can be an enhancement for UL sounding in LTE-A.
4. Conclusions
In this contribution, we discuss the performance limitations of UL transmission due to increased SRS in LTE-A, and provide some analysis and simulation results on SRS enhancement in LTE-A. We summarize our proposals as follows:
· R8 based SRS transmission is hard to meet the LTE-A requirement in multi-antenna scenarios and enhancement is necessary.
· It needs further analysis whether it is possibility of sounding based on one-shot SRS or DMRS taking PDCCH overhead into count.
· Extended comb and CS can be an enhancement for UL sounding in LTE-A.
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6. Appendix
Table1 Simulation assumptions
	Parameter
 
	Assumption 

	Antenna configuration 
	1x2 2×2 4×4

	Bandwidth 
	5M

	Channel model 
	TU-6 in section3
UrbanMacro 15 in section2

	Antenna correlation/spacing(BS,UE)
	(0,0) for TU

(10λ,0.5λ) for UrbanMacro

	Codebook 
	Codebook in R1-092940

	MCS 
	Refer to 36.213 

	Channel code 
	Turbo code 

	HARQ retransmission number 
	4 

	Carrier frequency 
	2.0 GHz 

	Receiver 
	MMSE 

	CQI/PMI/SRS delay 
	5 ms 

	DMRS estimation 
	Real

	SRS estimation
	Real

	Codeword number 
	1/2

	Layer number
	Rank adaption

	Scheduled resource  RB
	6 RBs 
4 RBs when SRS BW is 4RBs

	Sounding BWs
	24RBs for delay and multiplexing results

4/8 RBs for comb results

	Precoding granularity 
	6 RBs

4 RBs when SRS BW is 4RBs

	Pilot overhead 
	2 symbol for each subframe 

	UE mobile speed 
	3km/h








